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APPARATUS AND METHOD FOR MEASUREMENT OF FILM THICKNESS 



USING IMPROVED FAST FOURIER TRANSFORMATION 



Technical Field 



measurement of film thickness using an improved fast Fourier transformation, 
and in particular to an apparatus and method for measuring a film thickness 
using an improved fast Fourier transformation which are capable of 
implementing an enhanced accuracy when measuring a film thickness based on 
10 a vibration period obtained by fast Fourier-transforming a reflection spectrum on 
an energy axis in which a weight of a refraction index is multiplied. 

BACKGROUNDART 

As an industry is advanced and a high integration is implemented, a 
15 device which needs a thin film is increased, and it Is a technical trend that 
almost devices are changed to a thin film type. As a technology is advanced, it 



is needed to implement a more uniform thin film having a few or a few tens of 
nm thickness in a highly integrated circuit, an optical electron device and display 
device. A thin film device is recognized as a very important device In various 
20 applications in an insulation layer and an active layer of a semiconductor device, 
a transparent electrode of a LCD device, and a light emitting layer and a 
protection layer of an electroluminescence(EL) device. 
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The present invention relates to an apparatus and method for 
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Here, the thickness of a thin film Is a very Important control factor which 
affects a fabrication yield and reliability. A need for a real time measurement is 
increased for a process control in a fabrication of a semiconductor and optical 
device. 

5 In addition, various thickness of the thin film are needed from a few A to 

a few hundreds of nm or from a few tens of jim to a few hundreds of |xm. 
Therefore, various methods are nevyly developed for measuring and analyzing 
various thin films, and a conventional method Is improved. 

A conventional method(Korean patent laid-open No. 4411) is directed to 
10 a mechanical method which is implemented using a probe for measuring a 
thickness of a thin film. In the above method, there are provided an evaporation 
source for evaporating a thin film material and a substrate provided in a vacuum 
chamber having a probe for generating a plasma of a material evaporated. The 
probe and the substrate are arranged at a certain interval in the vacuum 
15 chamber. A first parameter among a plurality of operatfon parameters which 
include a voltage applied between the probed and a reference electric potential 
level and a current flowing through the probe and the plasma Is fixed as a fixed 
value during a certain time inten/al. A second parameter value among the probe 
operation variables which are changed in proportion to a deposition rate of the 
20 material evaporated on a substrate is measured for thereby measuring the 
thickness of the thin film. 
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However, the above mechanical method which uses a probe for 
measuring the thickness of a thin film may affect a thin film which will be 
measured, and in the above method, an accuracy of the measured value may 
be bad in the case that a thin film has a soft surface. 

In order to overcome the above problems, there is a method which Is 
implemented based on an optical process and does not affect a thin film when 
measuring a thickness of a thin film. 

As an optical method for detemnining a thickness of a thin film, there are 
a method implemented using an ellipsometer which is well adapted to an 
analysis of a thin film including a measurement of a thickness and thfckness 
distribution of an oxide film in a semiconductor Industry or by measuring a 
reflectance, a transmittance. etc. in such a manner that a conrect Infomnatlon 
conceming a physical property and structure of a sample is obtained through a 
measurement and analysis of a polarized state and variation of light, and a 
method which Is implemented using an interferometer. In the above methods, it 
is possible to easily measure a thickness of a thin film from a few A to a few fim 
without affecting a sample which will be measured. 

Figure 1 is a view illustrating a thin film measurement apparatus using a 
conventional ellipsometer. The thin film thickness measuring apparatus 
implemented using an ellipsometer is formed of a polarizer module 101 and an 
analyzer 102. The light from a light source Is polarized by the polarizer module 
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101 and is Inputted into a thin film fonnation substrate 103 which is an object of 
a process. The light reflected by the substrate 103 Is collected by the analyzer 
module 102, and a polarized state of the reflection light is detected by the 
detector. The detector compares the polarized state of an Incident light with a 
5 polarized state of the reflection light and obtains an optical coefflcient(ref raction 
index, attenuation coefficient) of a film thickness. However, in the film thickness 
measuring apparatus Implemented using the ellipsometer, it is impossible to 
measure a thin film thickness when there are a vertical vibration, inclination and 
shift in the substrate 103. In addition, in the fabrication line of the LCD 
10 apparatus which uses a large thin film glass substrate having a thickness of 
about 0.5-1 .1mm and a size of a few hundreds square of mm. there are a 
warping(partial inclination), vibration, etc. in the substrate. In the case that the 
thickness of the thin film is below a few urn, when a thickness of a few tens 
ofjAm of the thick film is analyzed based on a quantitative light Intensity 
15 measuring method such as a thin film analysis by an ellipsometer method or a 
reflection index measurement, the thickness is measured based on a vibration 
period which occurs In a reflectfon Index or a transmissivity due to an 
interference effect by a thin film. In particular, in the case that the thickness is a 
few tens of \un or a few hundreds of urn, there are very difficult requirements In 
20 a wavelength resolution of a spectroscope, a ling source or a coherency of a 
thin film in order to Implement a desired Interference effect by a thick film. 

4 



WO2004/0«661 PCT/KR2003/001203 



Therefore, it is impossible to determine the thickness of a thick film based on 
the conventional optical method. In the case that a wavelength resolution or 
coherency of a spectroscope is bad. a method in which a vibration 
period(number of vibrations) based on an interference Is obtained, and a 
5 thickness of a thin film is detemiined. is effectively used. However, in the case 
of the thick film, the period has a large value, and the time needed for 
computing a thin film thkskness is increased. In addition, it is needed to increase 
a vibration period of a spectrum in order to meet a customer's demand that the 
thickness of a thick film is easily and fast measured. If a wavelength resolution 
10 is low, it is impossible to fast check the period of the vibration. 

In order to implement the period of the vibration of the spectrum fast, 
the fast Fourier transfonnation(FFT) is used. However, in the above FFT, the 
interval of the peaks is slightly decreased since a refraction index of a thin film 
is not adapted, and since there are different diffraction indexes based on the 
15 wavelength, the values of the thtekness obtained based on the value of the 
refraction index which detemiines the position of the Fourier peak are changed 
for ttiereby decreasing the size of the peak and increasing the width. 

Namely, since the periods of the vibrations are not constant, there is a 
problem In the accuracy of the film thickness. 

20 

DISCLOSURE OF INVEiSmON 

Accordingly, it is an object of the present invention to overcome the 
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above problems encountered in the conventional art. 

It is another object of the present invention to provide a film thickness 
measuring apparatus and method having a high analyzing speed and high 
accuracy through a vibration period obtained based on a fast Fourier 
5 transformation with respect to a reflection spectrum in a new energy axis 
obtained by multiplying a refraction index weight with a light energy for reflecting 
a variation of a refraction index, namely, a refraction index dispersion based on 
a wavelength. 

It is further another object of the present invention to provide a film 
10 thickness measuring apparatus using a fast Fourier transformation which is 
capable of preventing a peak width from being Increased during a Fourier 
transtomiation even when a reflection film is fonmed on a substrate by a certain 
area ratio by a ref ledton light,, and a multiple thin film is fonmed on a substrate 
and which is capable of implementing an accuracy during a detemiinatton of a 
15 peak posifion for thereby measuring a thickness of a thin film based on a high 
accuracy. 

H is still further another object of the present invention to provide a 
method which is well adapted to a reflection ratio spectrum as well as other 
spectrums which have a certain vlbratfon by an interference of a thick film like a 
20 transmission rate spectrum, for thereby implementing an accurate 
measurement of a film thtokness. 
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To achieve the above obiects. there is provided a film thickness 
measuring apparatus using a fast Fourier transfomnation which comprises a 
light receiving unit which includes a light source, an optical fiber which focuses 
a light from the light source, outputs the light in a direction, receives the light 
5 reflected by a surface of a sample material of a substrate having a thin film and 
outputs the light in the other direction, and a lens which adjusts the 
magnification of a light from the optical fiber and a light reflected by the surface 
of the sample material; a detection unit which includes a spectrograph which 
splits a reflection light which is reflected by the surface of the sample material 
10 and is inputted into the optical fiber through the lens and is outputled in the 
other direction, based on an optica! intensity(spectaim) of each wavelength, and 
an optical measuring device array which provides a certain light Intensity of 
each wavelength; a transformation unit which transfomns a wavelength based 
spectnjm detected by the detection unit into an analog signal and transfonms 
15 the analog signal into a digital signal by the transfomiation unit; a computation 
unit which computes the number of vibrations based on a fast Fourier 
transformation in which the data transformed by the transfomnatlon unit adapts a 
refraction index dispersion; and an analyzing unit which measures and analyzes 
a film thickness based on the number of vibrations computed by the 
20 computation unit, and a result of the same is displayed. 

In addition, the computation unit adapted to compute the number of 
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vibrations based on a fast Fourier transformation adapting the refraction index 
dispersion is directed to measuring a film thickness based on the number of the 
vibrations obtained based on the fast Fourier transfomnation with respect to 
reflection spectrum on an energy axis In which the refraction Index weight is 
5 multiplied. 

In a method for measuring a thickness of a thin film based on an 
interference effect by a thin film, there is provided a method for measuring a film 
thickness using an improved fast Fourier transfomnation. comprising the steps 
of a step in which a light from a light source Is focused on a substrate having a 
10 grown thin film, and the light Is inputted onto an end of an optical fiber, a step In 
which the light from an end of the optical fiber is vertically inputted onto a 
surface of a sample material having a thin film; a step in which the light 
vertically inputted onto a surface of ttie sample material having a thin film is 
reflected and Inputted into the optical fiber ttirough a lens; a step in which a 
15 wavelength based spectrum data is transformed into an analog signal by a 
detection unit which splits the outputted light into a spectnim of each 
wavelength, and the analog signal is transfonned into a digital signal; a step in 
which a film thickness is computed based on a vibration period obtained based 
on a fast Fourier transfomiation by adapting a refraction Index dispersion 
20 through'the transfonned signal; and a step in whfch a thickness of a film Is 
analyzed by the computed film thickness, and the analyzed result is displayed. 
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RRIFF DESCRIPTION THE DRAWINGS 

The present invention will become iDetter understood with reference to 
the accompanying drawings which are given only by way of illustration and thus 
are not limitative of the present invention, wherein; 
5 Figure 1 is a view for describing a film thickness measuring method using 

a conventional ellipse measuring apparatus; 

Figure 2 is a view illustrating the constmction of a film thickness 
measuring apparatus using a fast Fourier transfonmation according to the 
present invention; 

10 Figure 3 is a flow chart of a film thickness measuring method using a fast 

Fourier transformation according to the present invention; 

Figures 4 through 7 are views illustrating a result of an experiment 
perfomied based on a film thickness measuring apparatus and method using a 
fast Fourier transfomiation using a dielectric thin film according to the present 

15 invention; 

Figure 4B is a graph of a refraction index dispersion curve of a dielectric 
thin film having a thickness of 30»im; 

.^F^ure^ is a graph illustrating a reflectivity spectmm based on a 
dielectric thin film having a thickness of SOixm with respect to an energy axis; 
20 Figures 6A and 6B are comparison graphs illustrating a distance between 

peaks of a reflectivity spectmm based on a refraction index dispersion of a 
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dielectric thin film with respect to an energy; 

Figures 7A and 7B are comparison graphs illustrating a fast Fourier 
transfomiation of a reflectivity spectrum based on a refraction index dispersion 
of a dielectric thin film; 
5 Figures 8 and 9 are graphs illustrating a comparison obtained by 

adapting a film thickness measuring apparaftjs and method using a fast Fourier 
transformation to a HD-DVD which is an actual sample according to the present 
invention; 

Figures 8A and 8B are graphs illustrating a comparison of a reflection 
10 spectrum based on a wavelength resolution; 

Figure 9A is a graph illustrating a result of a Fourier transformation of a 
reflection spectrum having a lower wavelength resolution; 

FigiJreSBJs a graph illustrating a result of a fast Fourier transformation of 
a reflection spectrum which has a higher wavelength resolution and is 
15 implemented without adapting a reflectivity dispersion; and 

Figure 9C is a graph illustrating a result of a fast Fourier transfomiation 
of a reflecWorTspectrum which has a higher wavelength resolution and is 
implemented based on a refraction index dispersion. 

20 BEST MODE FOR CARRYING OUT THE INVENTION 

The present invention will be described In detail with reference to the 
accompanying drawings. 

10 
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Figure 2 Is a view iliustrating the construction of a thin film measuring apparatus 
using a fast Fourier transfonmatlon according to the present Invention. In the 
thin film measuring apparatus which is directed to measuring a film thickness 
based on a reflectivity spectnjm measuring method, a light Is vertically Inputted 
onto a substrate 30. There are provided a light receiving unit 10 which receives 
a light reflected by the substrate, a detection unit 40 which splits a light reflected 
by the light receiving unit 10 and provides a polarized state of a split light and a 
wavelength based light Intensity, a transfomnatlon unit 46 which transfomns a 
wavelength based spectnjm data detected by the detection unit 40 into an 
analog signal and transforms the analog signal Into a digital signal using a 
transformer, a computation unit 52 which computes the number of vibrations 
based on a fast Fourier transfomnatlon In which a data transformed by the 
transformation unit 46 reflects the refraction Index dispersion, and an analyzing 
unit 54 which measures and analyzes a film thickness based on the number of 
vibrations obtained by the computation unit 52 and displays the measured and 
analyzed value. 

The light receiving unit is fonmed of a light source 12, an optical fiber 20 
and a lens 26. A light emitted from the light source 12 Is focused at one end of 
the branched portion of the Y-shaped optical fiber 20. The light focused at the 
) end of the optical fiber is transmitted through the lens 26 of 4-10 times 
magnification and is vertically inputted onto a surface of a thin film sample. The 
diameter of the beam on the surface of the sample is detennined based on a 
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diameter of an optical fiber and a range of a few hundreds micron based on a 
magnification of an objective lens. The reflected light from the surface of the 
sample is inputted into an optical fiber through the objective lens and is 
transmitted to an end of the other portion of the Y-shape optical fiber 20. The 
5 outputled light is transmitted to the detection unit 40. 

The detection unit 40 is formed of a spectrograph 42 and a light 
measuring device array 44. The spectrograph 42 splits the light reflected from 
the surface of the sample of the substrate 30 based on the degree of each 
wavelength, and the split light is inputted Into the optical measuring device array 
10 44 for thereby implementing a light intensity at each wavelength. 

The transformation unit 46 transforms the wavelength based spectrum 
data detected by the detection unit 40 into an analog signal and perfonms a 
computation using a data transformed into a digital signal through the fast A/D 
transformer for thereby measuring a film thickness. 
15 The computation unit 52 computes a thickness of a thin film based on the 

number of vibrations obtained by performing a fast Fourier transfomriatcon with 
respect to the reflection spectojm at an energy axis in which a refraction index 
weight is multiplier, so that the computation unit 62 is capable of reducing the 
time needed for analyzing the thickness of a thin film based on a fast Fourier 

20 transformation. 

The film thfckness is measured and analyzed based on the number of 
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the vibrations computed by the computation unit 52. and the results of the 
measurement and analysis are used for analyzing a reason of a certain defect 
of the thin film based on the analyzing unit 54. so that it is possible to develop a 
certain database used for setting the conditions of the thin film. 
5 Preferably, the measurement of the film thickness perfomned by the 

computation unit 52 and the analyzing unit 42 Is Implemented using a computer. 
The computer receives a spectnim data with respect to each wavelength from 
the spectrograph 42 and the light device array 44 and computes the thickness 
of the thin film and stores a data related to the thickness of the thin film. 
10 Here, the shape of the optical fiber is not limited to the Y-shaped. In 

addition, the lens used herein is not limited to the objective lens. 

Figure 3 is a flow chart for describing a film thickness measuring method 
using a fast Fourier transfonnation according to the present Invention. The film 
thickness measuring apparatus according to the present invention includes a 
15 light receiving unit which is fornied of a light source, an optical fiber and a lens, 
a detection unit which is fomned of a spectrograph and an optical measuring 
device, a transformation unit, a computation unit and an analyzing unit. 

The film thickness measuring method using a fast Fourier transfomiation 
according to the present Invention includes a step S30 in which a light emitted 
20 from alight source Is focused onto a substrate having a thin film and is inputted 
at an end of a portion of the optical fiber, a step S32 in whfch the light from an 



13 



wo 2004/063661 



PCT/KR2003/001 203 



end of the portion of the optical fiber is vertically inputted onto the surface of the 
sample through a lens, a step S34 in which the light vertically inputted onto the 
surface of the sample having a thin film is reflected, and inputted into an optical 
fiber through the lens and is outputted to an end of the other portion of the 
optical fiber, a step S36 in which the emitted light is split into a spectmm of each 
wavelength for thereby obtaining a certain light intensity at each wavelength, a 
step S38 in which an infonnation concerning the intensity of the light is received, 
and the wavelength based spectmm data is transfomned into an analog signal 
and is transformed into a digital signal through the transfomner, a step S40 in 
which the number of vibrations is obtained based on the fast Fourier 
transformation in which the dispersion of the refraction index is reflected based 
on the transfonned data, and a film thickness is computed based on the number 
of vibrations, and a step S42 in which the thickness of the film is analyzed 
based on the computed film thickness and is displayed, and the related data are 
accumulated. 

When obtaining the period of vibrations of the reflectivity spectrum based 
on an interference according to the present invention, the fast Fourier 
transformation which is improved based on a variation of a refraction index 
based on a wavelength and a fast Fourier transformation will be described. 

Here, the film thickness is measured t}ased on the refraction index 
dispersion tfirough the interference effect by the dielectric thin film. The objecte 
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the refraction index dispersion and the fast Fourier transformation are adapted 
will be described. First, the refraction index dispersion is used for the reason 
that since there is a wavelength dependency of the refraction index of a certain 
material belonged to an actual thin film, namely, there is a dispersion of the thin 
5 film refraction index, the difference between the energies of two optical waves 
of a vibration period by an interference is not uniform. Therefore, in the peak of 
the number of the vibrations obtained when perfonning the fast Fourier 
transformation at an energy axis with respect to the reflection spectmm. the 
width is increased based on the degree of the dispersion of the refraction index. 
10 and the position of the peak is inaccurate. Therefore, the enx>r for measuring 
the film thickness is increased. Therefore, tiie refraction index dispersion must 
be adapted for measuring the film thickness at a high accuracy. 

The interference effects by the dielectric tiiin film will be described In 
detail. In the case of a thin film fomned of a dielectric material and having a 
15 uniform thickness, the Intensity of tiie reflection light between the air and the 
dielectric material is within a few % of the intensity of the incident light. 
Therefore, the interference by fne reflection light may be adapted based on only 
the reflection light on the surface and a first reflection light which is reflected by 
the thin film by one time. In the case of the vertical Incident light, the optical path 
20 difference(OPD) between the reflection wave on the surface of the dielectric thin 
film and the reflectton wave which Is reflected by the dielectric thin film by one 
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time may be obtained based on the follovyring Equation 1 . 

[Equation 1] 
OPD = 2nid 

Here, nt represents a refraction of a thin film, and d represents a 

thiclcness of a thin film. 

According to the Equation 1 based on the phase variation due to a 
reflection, ttie value of n|d may cause a constnictive or destnjcttve interference 
based on the odd number multiple or even number multiple of 1/4 of tiie 

wavelength of light. 

Assuming that Vne wavelength of light is K tiie condition tiiat the 
constmclive or destructive interference may occur due to a relatively thick film 
may be Implemented based on tiie following Equation 2. 

[Equation 2] 

_ 619.9 
AE 

Here. A;iand A£ represent the values measured on the axis of the 
wavelength(nm) or tfie energy(eV) axis witii respect to ttie difference /U 
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between two optical waves which may cause a certain vibration period, by an 
interference, namely, the constaictive interference(or destructive interference) 
or the difference 6£ of the energy. The units of the thickness Is nm like the unit 
of wavelength. 

5 In the case of the thick film. and AB are in inverse proportion to the 

thickness of the thin film, and the error of the proximate equation of Equation 2 
is decreased in proportion to the size of A;iand tsE. AE is an inverse number 
of the value obtained on the energy axis with respect to the vibration period of 
the reflection spectrum, namely, the number of the vibrations of the reflection 

10 spectrum obtained on the energy axis. In the case that nt which Is a refraction 
index of the thin film is constant, AJ?is constant. The above values provide a 
theoretical basis for adapting the fast Fourier transformation. 

Assuming that the number of the vibrations of the reflection spectrum on 
the energy axis is fE.the Equation 2 may be expressed in the following Equation 

15 3. 

[Equation 3] 
nfd = 619.9xfE 

20 However, since there Is a dispersion of rif in the material of the thin film, it 

is needed to measure the film thickness based on the refraction index 
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dispersion. 

In the method for measuring a film thickness based on the number 
vibrations obtained through the fast Fourier transformation based on 1 
refraction index dispersion, the number of the vibrations is obtained based 
the fast Fourier transfomnation using a reflection spectnim on the energy a 
on which the refraction index weight is multiplied. The above operation may 
expressed in the following Equation 4. 



[Equation 4] 

^ 619.9 ^,QQ^ 
10 d=— — = 619.9j^^ 

here, fne represents the number of the vibrations obtained based on the 
Fourier transformation with respect to the reflection spectrum on the energy axis 
on which the refraction index weight is multiplied. 

15 In the present invention, the film thickness is measured based on the 

number of the vibrations obtained based on the fast Fourier transfomiation with 
respect to the inflection speclaim on the energy axis on which the refraction 
index weight is multiplied for adapting the reflectivity dispersion. 

The fast Fourier transformation is capable of largely Increasing the speed 

20 of the Fourier transformation. Here, the Fourier transfomnation and the objects 
of the fast Fourier transformation will be described, 
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In the Fourier transformation which is implemented assuming that all 
waveforms may be expressed in the sum of simple sine waves, the signal 
process is implemented In a mathematical space known as a frequency space 
and a time space. Since a common signal has various complicated frequency 
components, it is possilrfe to express the same in a sum of sine waves having 
different frequencies. It is needed to analyze a combir^ed signal of different 
frequencies that are not easily analyzed in the case of one wavefomi by each 
frequency. A result of the analysis is recombined. so that it is possible to easily 
process the combined signal based on the process that an analysis result of an 
original signal is obtained. Expressing the common signal as a relationship 
between the time space and the frequency space which are actual spaces, the 
Fourier transformation Equations may be expressed in the following Equation 5. 

[Equation 5] 

The above transformations are called as the Fourier transfomiatlon and 
the Fourier inverse transformation, respectively. The above Equations may not 
be directly used in the measurement and analysis due to the following reasons. 
First, the variation in the time space of the signal inputted into the computer is 
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discontinuous. Second, since the Fourier integration of the Equation 5 is 
performed in an infinite, the actual signals inputted are provided in a limited 
range. The Fourier transformation adapted to a discrete signal is the discrete 
Fourier transfomiatlon(DFT). The discrete Fourier transformation will be 
described. Assuming that the waveform is inputted at a time interval of T on the 
time axis(or energy axis), the wavefomn arrays may be expressed like x(0). x(1). 

x(2) x[(N-1)Tl. A this time, the discrete Fourier an'ay of x(nT), (n=0. 1.2...., 

N-1) has an anay of the complex number like X(k)=X(0), X(1), X(2) X(N-1) 

based on the frequency(thickness of the thin film). In this case, the discrete 
Fourier transformation may be expressed in the following Equation 6. 

[Equation 6] 

In the discrete Fourier transfonmation, when the k-th element is compared with 
the (k+N)th element, there is a period of N which has the same value. The 
above result is an important factor that the discrete Fourier transfomnation has a 
ctose relationship with the fast Fourier transformation. It is possible to 
implement a computation of a multiplication of the NxN times and a computation 
3 of a sum of the N(N-1 ) times based on the discrete Fourier transfomiation which 
uses a N number of the input values based on the Equation 6. The above 
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number is increased in proportion to the square of the value of N as the value of 
N is increased. Therefore, in the case that there are large values like N=1024 or 
N=2048 In the photo diode anay(PDA). a relatively extended computation time 
is needed. 

5 As an algorithm which is used for enhancing a computation speed of 

the Fourier transformation, the fast Fourier transfom^atlon decreases the 
computation speed from the number of to N/aogzN compared to the discrete 
Fourier transformation for thereby implementing a fast analyzing speed, so that 
it is possible to effectively satisfy the customer's demand of a real time 
10 measurement and analysis. 

The film thickness measuring apparatus and method using a fast 
Fourier transfomiation according to the present invention will be described in 
more deteil using the Interference effect of the dielectric thin film. 

Figures 4 through 7 are views illustrating a result of an experiment 
15 implemented based on a film thickness measuring apparatus and method using 
a fast Fourier transformation using a dielectric thin film according to the present 
invention. As shown in Figure 2, a film thickness measuring apparatus includes 
a substrate having a light source, an optical fiber, a lens and a thin film, an 
optical measurement device anray, a transfomiation unit, a computatfon unit and 
20 an analyzing unit. 

Figure 4A Is a graph of a reflectivity spectrum based on a dielectric thin 
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film having a thickness of 30|jun, Figure 4B is a graph of a refraction index 
dispersion curve of a dielectric thin film having a thickness of aOjam. and 
Figures is a graph illustrating a reflectivity spectrum based on a dielectric thin 
film having a thickness of 30\m\ with respect to an energy axis. 

5 As shown in Rgures 4A and 4B, it is possible to check a state that a peak 

width is decreased and a size of a peak is increased based on a reflectivity 
spectrum analysis by a dielectric thin fllni having a thickness of SOym in such a 
manner that a refraction index is adapted during a fast Fourier transfomnation. A 
dielectric thin film is set in such a manner that the dielectric thin film exists in the 

10 air without a certain air layer used for supporting the same. Figure 4A is a view 
illustrating a reflectivity spectrum obtained based on a simulation, and Figure 4B 
is a refraction index dispersion curve of a thin film used in a simulation. 

A vibration period of a reflectivity spectrum which vibrates due to an 
interference of light by a thin film is in proportion to a square of a wavelength as 

15 shown in Equation 2. The vibration period of a reflectivity spectrum may be 
constant as shown in Figure 5 with respect to an energy axis of a light. Since an 
effect is not corrected by a refraction index dispersion, the vibration period Is 
gradually decreased in the direction of an energy region. Carefully checking a 
vibration period, namely, an interval between the peaks, in the vibrating 

20 reflectivity spectrum, it is possible to cleariy check a difference when the 
dispersion of the refraction index is adapted and the same is not adapted. 
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The states that the refraction index is adapted and is not adapted will be 
described with reference to Figures 6A and 6B. Figure 6A is a graph of an 
interval between peaks observed in a reflectivity spectmm with respect to an 
energy in the case that a refraction index dispersion of a dielectric film is not 
adapted, and Figure 6B Is a graph illustrating an interval between peaks of a 
reflectivity spectaim with respect to an energy in the case that a refraction Index 
dispersion of a dielectric thin film is adapted. Comparing the states of Figures6A 
and 6B. it is possible to clearly know the effects. 

As shown in Figure 6A, an interval between peaks is obtained without 
considering a refraction index dispersion of a dielectric thin film. As the energy 
of a light is increased, the Inten/al between peaks is gradually decreased in the 
direction of a short wavelength region. As shown in Figure 68. an interval 
between peaks is obtained by considering a disperston of a refraction index by 
multiplying a refraction index weight with respect to an energy of a light based 
on Equation 4. The inten^a is constantly maintained irrespective of an energy 
size of light. 

The effects that the refraction index dispersion Is iadapted are more 
deariy obtained based on the Fourier transformation. Figure 7A is a graph of a 
fast Fourier transformation of a reflectivity spectrum in the case that a refraction 
0 Index dispersion of a dielectric thin film is not adapted, and Figure 78 is a graph 
of a fast Fourier transformatfon of a reflectivity spectrum in the case that a 
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refraction index dispersion of a dielectric thin film is adapted. 

AS Shown in Rgures 7A and 7B. In the case that the refraction index 
dispersion Is adapted, the width of the peaks Is significantly decreased from 
1 .eijun to 0.44Mxn as shown in the fast Fourier transformatfon. and the size of 
the peaks is Increased by 1.7 times. The size increase and width decrease of 
the peaks are natural because the vibration interval of the reflectivrty spectmm 
is uniform in the case that the refraction index dispersion Is adapted. Therefore, 
there is shown a clear effect of the Fourier transfom^ation based on the 
refraction Index dispersion. 

Another large effect obtained when the refraction index dispersion is 
adapted Is obtained in the value of the thickness obtained after the Fourier 
transfomiation is perfomned. 

In addition, further another large effect which is obtained in consideration 
with the refraction index dispersion is a thickness value obtained after the 
Fourier transformation Is performed. Figure 7A is a view which Is obtained by 
computing a horizontal axis with a thickness after the Fourier transfomiation is 
performed, fixing the refraction index to n=1 .6. As shown in Figure 4B. since the 
dielectric thin film has different refraction index based on the wavelength, the 
thickness value obtained based on the refraction index value which divides the 
0 Fourier peak position is different. 

Therefore, the thtekness value computed based on the peak of Figure 7A 
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is 30.71 |im and have a difference of 0.71 jun compared to the actual thickness 
since the valid refraction index of the reflectivity spectmm over the region of 
500~900nm in which the refraction index is n=1.6 is not properly adapted. 
Namely, the above result may be called as an enror which occurs because the 
refraction index dispersion is not basically adapted. 

In Figure 7B which shows the fast Fourier transfomiation graph obtained 
in consideration with the refraction index dispersion, since the refraction index 
dispersion is accurately adapted, an accurate film thickness value of 30.0jim is 
obtained, so that it is possible to implement a fast analyzing speed and a film 
thickness measurement of a high accuracy. 

In another embodiment of the present invention, the film thickness 
measuring apparatus and method using a fast Fourier transformation will be 
descried based on the reflection spectmm of the HD-DVD which is an actual 
sample material. Here, an actual sample material is used. The film thickness 
measuring apparatus will be specifically used. 

The film thickness measuring apparatus according to the present 
invention includes a halogen light source, a glass optical fiber, an objective lens, 
a spectrograph and optical measuring device anay, a fast A/D transfomner, and 
a computer. The wavelength band is 500-1 OOOnm, the wavelength resolution is 
0.4nm, and the measuring speed Is 0.5 seconds per spectaim. The measuring 
and analyzing speed Including the fast Fourier transfomfiation Is about 2 
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seconds per one time. 

The sample material used in the measurement as a HD-DVD optical disk 
which has an interest as an advanced optical recording medium includes a 
cover layer(CL) having a thickness of SOjun and a spacer layer(SL) having a 

5 thickness of about 10jxm. 

As shown in Figures 8 and 9.the effects of the film thickness measuring 
apparatus and method using a fast Fourier transformation according to the 
present invention will be described with reference to the results obtained by 
adapting to the HD-DVD which is an actual sample material. Figure 8A is a 
10 graph of a reflection spectrum of a HD-DVD sample material in the case that the 
wavelength resolution is small. Figure 8b is a graph of a reflection spectrum of a 
HD-DVD sample material in the case that the wavelength resolution is large. 

Namely, there Is provides a typteal reflection spectmm which is a HD- 
DVD sample material in which a cover layer and a spacer layer are provided on 
15 a PC substrate, and a dual recording layer stmcture Is provided on a L/G 
protmslon stmcture. It is possible to observe a fast vibration by a thtok cover 
layer in a reflection spectrum in the case that the wavelength resolution is larger 
compared to the case that the wavelength resolution Is small. In addition. It is 
possible to further check the wavelength resolution dependency of the reflection 
20 spectaim. 

Figure 9A is a graph of the Fourier transformation of the reflection 
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spectrum having a lower wavelength resolution. The peak corresponding to the 
thick cover layer is very weak, and the peak based on a thin spacer layer is 
clear like the result of Figure 8A. 

Figure 9B is a graph of the fast Fourier transformation of the reflection 
5 spectmm which Is implemented without considering the refraction index 
dispersion. In addition. Figure 9C is a graph of the fast Fourier transfomiation of 
the reflection spectnim In which the wavelength resolution is high, and the 
refraction index dispersion is adapted. 

It is possible to observe the peaks by the spacer layer and cover layer in 
10 Figures 9B and 9C which are obtained based on the result of Figure 8B which 
illustrates the reflectivity spectmm In the case that the wavelength resolution is 
high. Since the refraction index of the cover layer does not have a big difference 
with respect tot the spacer layer when comparing with the air. it is possible to 
obsen/e a larger peak corresponding to the sum of the thickness of the spacer 
15 layer and the cover layer compared to the peaks by only the cover layer. 

The results obtained by analyzing the reflection spectnim of Figure SB 
based on the refraction Index dispersion and not based on the refraction Index 
dispersion will be described. 

In the case that the refractfon index dispersion is not adapted, the peak 
20 corresponding to the summed thtekness is ^,77vsxx with respect to 94.89um. 
and the size of the peak is 392. In the case that the refraction index dispersion 
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is adapted, as shown in Figure 9C. the width of the peak is 0.63^in. and the 
size of the peak is 614, and the thickness is 92.81 [vm. 

As shown in Figure 9B. the peak corresponding to the cover layer which is not 
easily observed Is weak, and the value obtained by summing 13.43|im which is 
5 the thickness of the spacer layer is coincided with the summed thickness. The 
summed thickness value that the refraction Index dispersion is not adapted is 
largely 2.08nm. Namely, the above result is obtained based on the input of the 
fixed refraction Index as known based on a result of the simulation of the 
reflectivity spectrum by the dielectric thin film of 30m and the analysis. 

10 

mm iftTRiAL APPLI LABILITY 

In the present invention, it is possible to enhance a production yield by 
enhancing a reliability in such a manner that the fast analyzing speed is 
maintained, and the film thickness is measured in high accuracy when 
15- measuring the film thickness based on a vibration period by perfomiing the fast 
Fourier transformation on the energy axis of the light with respect to the 
reflectivity spectnjm in which the refraction index dispersion of the thin film is 
adapted by providing a refraction Index weight. 

In addition, even when a reflection film is fomned on the substrate at a 
20 certain area ratfo irrespective of the kinds and stmcture of the thin film, or in the 
case that a multiple thin film is fonned on the substrate, it is possible to 
implement a fast measurement of the film thtekness based on a high accuracy 

28 



PCT/KR2003/001203 

WO 2004/063661 

and fast analyzing speed. The present invention may be further adapted to 
other spectrums which have a vibration by an interference of a thick thin film 
such as a transmissivity spectaim. so that the present invention may fully satisfy 
the demands In the industry which needs a real time measurement and 
5 accurate analysis in such a manner that a fast analyzing speed and a high 
accuracy film thickness measurement and analysis. Therefore, it is possible to 
enhance a market competitive power. 

As the present invention may be embodied in several fonms without 
departing from the spirit or essential characteristics thereof, it should also be 
10 understood that the above-described examples are not limited by any of the 
details of the foregoing description, unless othenwise specified, but rather 
should be construed brcadly within its spirit and scope as defined in the 
appended claims, and therefore all changes and modifications that fall within 
the meets and bounds of the claims, or equivalences of such meets and bounds 
15 are therefore intended to be embraced by the appended claims. 
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